Background: Pneumocystis pneumonia (PCP) is the most common opportunistic infection, and it is difficult to diagnose as PCP. The aim of this study was to assess whether CT findings or clinical characteristics contribute to early diagnosis of PCP.
Introduction
Pneumocystis pneumonia (PCP) is a leading result of opportunistic infections in patients with acquired immunodeficiency syndrome (AIDS), and it still results in life-threatening complications. Before antiretroviral therapy, mortality of PCP ranged from 10% to 30%, with even higher mortality rates of 35% to 85% in patients requiring admission to an intensive care unit [1] . When the immunosuppressive state of patients is known, it is not difficult to diagnose them with PCP. But many patients from underserved populations do not receive a diagnosis of HIV infection until they present with PCP. However, neither the immunostatus of all patients nor their sexuality is known. As the number of HIV-infected or AIDS patients is not that high, misdiagnosis of another interstitial lung disease may occur. Dohn et al. [2] presented that patients with second-or third-episode PCP had milder disease and better outcome than patients with first-episode PCP. When patients with PCP are undiagnosed for a long period, PCP leads to a severe condition and can be a fatal disease. In this study, we discuss CT findings of patients with AIDS and PCP and hope that our study results will contribute to the early diagnosis of PCP.
Method
Twenty-six patients with AIDS and PCP have been registered in the Kurume University Hospital between 1999 and 2018. None of the patients with AIDS had been diagnosed as HIV positive until the episode of PCP. In this study, we analyzed the correlation between CT findings and clinical characteristics of patients with PCP. A diagnosis of PCP was made when one of the following criteria was met: a) detection of Pneumocystis jirovecii by staining (Grocott-Gomori methenamine stain) of a respiratory specimen or b) both positive PCR results for P. jirovecii in a respiratory specimen and elevated serum (1→3)-β-D-glucan (βDG) levels. The cut-off level of βDG was set at 31.1 pg/mL according to a previous report [3] . Cytomegalovirus (CMV) infection was diagnosed using an antigenemia assay (C7-HRP). CMV C7HRP positive was recognized if positive cells for pp65 antigen counted over 5 per 50000 cells.
Medical records of all patients were reviewed, and clinical data, courses, and outcomes were evaluated. The symptoms, namely body weight loss, cough, dyspnea, fever, and hypoxemia, were chosen as clinical signs. Serum albumin, C-reactive protein (CRP), and βDG levels were assessed. In addition, white blood cell (WBC) count was evaluated.
Based on chest high-resolution computed tomography (HRCT), 8 categories were identified ( Figure 1 ): Ground grass opacity (a), consolidation (b), small nodules (c), cavity (d), cyst formation (e), pleural effusion (f), peripheral distribution with peripheral sparing (g) and lymphadenopathy (h). 
Ethical approval
The study was conducted in accordance with the Good Clinical Practice guidelines and was approved by the ethics committee of Kurume University (No. 18034).
Statistical analysis
All data analyses were performed using the JMP program version 11.0 (SAS Institute Japan, Tokyo, Japan). Continuous variables are presented as mean ± standard deviation. Differences in variables between the patients with malignancy and those with AIDS were compared by the non-parametric Mann-Whitney's U-test. Differences in variables between patients with clinical characteristics and CT findings were compared by chi-square test. Differences with P values of <0.05 were considered statistically significant.
Result
Patient characteristics are summarized in Table 1 . The study group comprised 24 men and 2 women with a mean age of 47.8 years (range: 25-68 years). Seventeen of 41 patients were homosexual, and the mean smoking index (pack-years) was 242. The mean time from symptom onset to diagnosis was 41.3 days. The most common symptom was body weight loss (>10 kg compared to baseline) in 22/26 patients, followed by cough in 11, shortness of breath in 17, fever in 19, and hypoxemia in 14. Laboratory data showed that mean WBC count was 6592 cells/μl, serum albumin level was 3.1 g/dl, and CRP level was 3.5 mg/dl. The mean CD4 cell count was 71 cells/μl, HIV-viral load (VL) was 6.8 × 10 6 copy/ml, and βDG level was 232 pg/ml. CT images showed that 10 patients had GGO, 13 had consolidation, 1 had small nodular shadow, 2 had cavitary lesion, and 1 had cyst formation. Nine cases showed peripheral distribution with peripheral sparing, 1 case had pleural fluid, and 6 cases had lymphadenopathy ( Table 2 ). All of the cases with consolidation were positive for GGO. The mean time till diagnosis and lymphadenopathy, cough and lymphadenopathy, and consolidation and cough were significant different (Table 3 ). There was no statistically significant association between GGO and CMV C7-HRP, but PCP patients with consolidation were more likely to be infected with CMV.
Next, GGO and consolidation cases were compared because the number of cases was high. The number of patients with dyspnea on exertion in cases with consolidation was significantly higher than in patients with GGO ( 
Discussion
The primary objective of the present study was to identify CT abnormalities to diagnose PCP in patients as early as possible. Furthermore, radiological manifestations and clinical characteristics were compared to identify the severity or prognosis of patients with AIDS and PCP.
PCP is caused by P. jirovecii and is a common source of opportunistic infection affecting immunosuppressed patients. Approximately 90% of cases of PCP occurred in AIDS patients with CD4 cell counts of <200 cells/mm 3 . The most common manifestations of PCP are subacute-to-mild onset of progressive dyspnea, fever, and cough that worsen within days to weeks or sometimes months [4] . Some studies have shown that CT is more sensitive for the diagnosis of PCP, and the most common CT finding in these patients is diffuse GGO [5, 6] . Consolidation, nodules, cyst formation, pleural effusion, and spontaneous pneumothorax may develop, but these findings are thought to be present in an advanced phase of PCP [6] .
In this study, the frequency of body weight loss, fever, and dyspnea was 85%, 73%, and 65%, respectively. The median duration from onset of symptoms till diagnosis was 41 days, which was not long compared with that found in previous reports [4] . A possible explanation is that patients can easily access the hospital, and doctors are likely to perform chest CT when they suspect an interstitial lung disorder. Furthermore, HIV infection and opportunistic infections, such as PCP, are well recognized in the homosexual community in the past 20 years because patients tend to visit the hospital in the early phase of PCP. Table 5 summarizes the CT findings in previous reports and our study [4] [5] [6] [7] [8] [9] [10] . Our results are in agreement with those of previous studies that analyzed CT presentation of PCP in patients with AIDS. The most common CT findings were the presence of bilateral GGO distributed in a diffuse pattern and sparing of the peripheral subpleural lung. Several reports showed that PCP may also be associated with upper lobes predominance, but this finding was less common in our patients [11] . Interestingly, the frequency of consolidation in our study was greater than that in previous reports, and there were no upper lobe dominant distribution cases in our study. A few studies have reported that upper lobe distribution may be associated with aerosolized pentamidine prophylaxis [11] .
In general, consolidation superimposed on GGO is considered to reveal a more advanced phase [6] . There was no correlation of GGO and consolidation with CD4 cell counts, HIV-VL, or disease severity, such as hypoxemia. Other bacterial infections in patients with GGO and consolidation were ruled out by using respiratory sample culture. Cases with consolidation, however, tended to be positive for CMV C7- or lung tissue  samples  by  virus  isolation,  histopathologic testing, immunohistochemical analysis, or in in situ hybridization. Studies on CT findings of CMV infections have reported a combination of GGO, consolidation, nodules, poorly defined small centrilobular nodules, bronchial dilatation, and thickened interlobular septa [10, 11] . In this study, no diagnosis of CMV pneumonia was made because lung biopsy was not performed. Therefore, consolidation may be a sign of CMV pneumonia or organizing pneumonia accompanied with acute alveolar damage by PCP. Tasaka et al. revealed that lung consolidation is more common in patients without HIV infection and tends to develop more rapidly, reflecting pulmonary damage by the host immune response [9] . Thus, CMV infection must be suspected when consolidation with GGO is detected in patients with AIDS and PCP. 
Our cases

Conclusion
CT is a highly sensitive method, and it may also be helpful in the differential diagnosis of PCP in patients with AIDS. The accuracy of the diagnosis based on CT findings was high; therefore, the characteristics of PCP should identified using CT images.
